Objective To assess weight change and attempted weight loss during the 12-18 months before spontaneous conception in relation to the risk of pregnancy loss.
Introduction
Women who are obese or overweight may have an increased risk of pregnancy loss in natural and assisted conceptions, [1] [2] [3] [4] plausibly due to decrements in oocyte quality 5 or endometrial receptivity. 6 However, among women who were obese and undergoing infertility treatment, a recent trial found that short-term, medically supervised weight loss made no difference in clinical pregnancy rates and suggested an increased risk of clinical pregnancy loss, 7 contradicting earlier studies that found such interventions improved outcomes among women with obesity and infertility. [8] [9] [10] Moreover, among United States (US) nurses, weight loss since adolescence was associated with a reduced risk of fetal loss (spontaneous abortion or stillbirth) and weight gain was associated with an increased risk, 3 although that investigation lacked data on weight-loss attempts (i.e. weight-loss intention).
Indeed, the effect on pregnancy loss from self-initiated weight-loss attempts and from weight change in the period closely preceding conception has received little study, 11, 12 although self-initiated weight-loss attempts are common among US women. 13 Importantly, prior findings from clinical weight-loss studies may not be generalisable to women's self-initiated weight-loss attempts due to differences in the study populations, professional support, and weight-loss practices applied.
14 Adding to the uncertainty surrounding benefits from self-initiated weight-loss attempts, clinically significant weight loss and maintenance in this setting are relatively rare, 14 and some women use unhealthy weight-loss methods. 15 Therefore, we prospectively examined women's selfreport of their recent, self-initiated weight-loss attempts, minimum weight, and maximum weight during the 12-18 months prior to achieving natural conception, in relation to the risk of pregnancy loss.
Methods
The present study used data from the Effects of Aspirin in Gestation and Reproduction (EAGeR) trial, which enrolled 1228 women with a history of one to two pregnancy losses, from 2007-2011 at four US study centres. 16 Participants were 18-40 years old, attempting pregnancy, had up to two live births, regular menstrual cycles lasting 21-42 days, and no major medical problems or infertility. The trial's primary aim was to assess the effect of preconceptionally initiated, daily 81 mg aspirin on live birth. 16 Women were followed for up to six menstrual cycles while trying to become pregnant, and, if they became pregnant, throughout pregnancy. They continued taking the study pill up to gestational week 36, if applicable. The institutional review board at each study centre approved the trial protocol, and participants provided written informed consent.
Ascertainment of pregnancy and pregnancy loss
Pregnancies were identified through systematic use of urinary human chorionic gonadotropin (hCG) pregnancy tests (Quickvue â , Quidel, San Diego, CA, USA) at home and at study visits following the end of each menstrual cycle, and through beta-hCG assays of stored first-morning urine samples which participants collected daily during the first two menstrual cycles of the study (initial test: BioVendor, Asheville, NC, USA; confirmatory test: Diagnostic Automation Inc., Calabasas, CA, USA). 17 Participants had clinical confirmation of pregnancy by ultrasound detection of a gestational sac at 6-7 weeks' gestation, or by any documentation of fetal heart tones or of pregnancy at a later stage. A pregnancy loss could be either an early pregnancy loss, defined as an hCG-detected pregnancy that did not last until clinical confirmation, or a loss detected following clinical confirmation.
Actual weight change
At baseline (i.e. enrollment) participants reported their minimum and maximum weights in the past 12 months via a questionnaire (representing 12-18 months pre-conception, as women conceived within six cycles after enrolling). The exposure of interest was weight change in the time period preceding and proximal to conception. Thus, 'current weight' was the weight measured at the time of a positive pregnancy test (approximately 4 weeks' gestation), which occurred approximately 2 weeks post-conception and <1 week post-implantation. If this measure was unavailable, we used the measured (7% of participants) or self-reported (1% of participants) weight at baseline. All weight-change measures were anchored to the current weight because the self-reported minimum and maximum weights clearly preceded current weight. Weight loss was calculated as the maximum weight in the 12 months before enrollment minus the current weight. Percent weight loss was calculated as weight loss divided by the maximum weight. Weight gain and percent weight gain were calculated in the same manner but using the minimum (instead of maximum) weight in the 12 months before enrollment.
Attempted weight change
Attempted weight loss and gain in the 12 months before enrollment was assessed at baseline via a questionnaire, as well as the specified methods for 'weight control' (choice of 11 commercial plans, 'personal plan to control food intake', 'extreme exercising', and 'other'), and the duration of the most recent method used. Participants were categorised as having attempted weight loss if they responded 'yes' to attempting weight loss and reported a duration ≥1 month. Participants who reported a weight-loss attempt lasting <1 month were analysed in a separate category because we hypothesised that any effect of attempted weight loss would require sustained behaviour.
Exclusions
An initial screening questionnaire was completed by 5485 women, and 2323 (42.4%) were potentially eligible (Figure S1 ). Women (n = 1577, 67.9%) attended a baseline clinic visit to confirm eligibility, and 1228 (77.9%) were confirmed eligible and enrolled in EAGeR. 18 We excluded women who had no hCG-detected pregnancy when they completed the study (n = 303) or withdrew (n = 140) and those who withdrew while pregnant (n = 14). To avoid confounding by medical conditions, we further excluded women who reported that in the last 12 months they had had a live birth (n = 60), a pregnancy loss at gestational age >14 weeks (n = 32), anorexia and/or bulimia (n = 11), or weight loss due to another medical condition (n = 13). We also excluded those who reported to have attempted weight gain (n = 28) because this behaviour and its associated health outcomes were outside the scope of the present research study. Finally, we excluded 12 women with a maximum body mass index (BMI) <18.5 because this small group of underweight women is expected to have different reproductive effects from attempted weight loss and actual weight change. Compared with the 629 women who remained eligible for the analysis, women who were excluded from the analysis due to withdrawing from the study were less likely to have attempted weight loss for ≥1 month compared with women who were included in the analysis (34% versus 44%, P = 0.03), but had a similar probability of weight loss (11% versus 14%, P = 0.45) and gain (42% versus 51%, P = 0.12).
Statistical analyses
Weight change was categorised as weight gain (≥5%), weight loss (≥5%), high weight variability (both weight gain and weight loss ≥5%), and constant weight (no weight gain or loss ≥5%). 7, 8, 19 A secondary analysis categorised participants according to absolute weight change ≥4 kg, for consistency with a prior study of weight change and fetal loss. 3 Distributions of participants' baseline characteristics and behaviours were examined overall and by category of weight change. We used log-binomial models to estimate the risk ratio (RR) and 95% confidence interval (CI) of pregnancy loss across categories of weight change (reference: constant weight), weight-loss attempt (reference: no attempt to lose weight), and their combination (reference: constant weight and no attempt to control weight). Stabilised inverse probability of pregnancy weighting accounted for potential selection bias if the exposures affected the chance of pregnancy. 20 Models were adjusted for age, parity, number of prior losses, and pregnancy loss in the 12 months before enrollment. The RR for attempted weight loss was also adjusted for a maximum BMI in the 12 months before enrollment because we assumed that the maximum weight prompted the attempted weight loss for most women. Because of uncertainty about the timing of the attempted weight loss relative to weight change in the 12 months before enrollment, weight change could be either a cause or effect of attempted weight loss. Thus, we did not adjust either factor for the other. 21 The results were essentially unchanged when we further adjusted for vigorous physical activity at baseline as reported in the International Physical Activity Questionnaire -Short Form 22 (some versus none) and treatment assignment, 18 and when we further adjusted weight change for attempted weight loss. We also stratified analyses by maximum BMI in the 12 months before enrollment (<25 versus ≥25) due to evidence that long-term weight loss was more strongly associated with a reduced risk of pregnancy loss among women who had been overweight. 3 Exploratory analyses of secondary outcomes, early pregnancy loss and clinical pregnancy loss, also used these models.
Missing exposure and covariate data were imputed using PROC MI in SAS/STAT â version 9.4 (SAS Institute, Cary, NC, USA). The frequency of missing data by variable were: current weight <1%, attempted weight loss 4%, attempted weight gain 4%, actual weight loss 1%, actual weight gain 5%, maximum BMI in past 12 months <1%, minimum BMI in past 12 months 5%, education <1%, household income <1%, and smoking 1%.
Results
Among the 629 pregnant women analysed, 28% maintained a constant weight in the 12 months before enrollment, 49% gained weight, 14% lost weight, 6% both gained and lost weight, and 3% had their weight change imputed due to missing data (Table 1) . Using baseline weight to calculate weight change, instead of weight at 4 weeks' gestation, resulted in fewer women in the gained weight category (44%) and more women in the constant weight category (35%). Compared with women who maintained a constant weight, both women who gained weight and women who lost weight were more likely to have attempted weight loss, less likely to engage in moderate exercise, and had a higher parity. Women who lost weight were also less likely to have had a recent pregnancy loss, and had more previous pregnancy losses and higher maximum BMI in the 12 months before enrollment. Among the 42% of participants who tried to lose weight, most reported using a 'personal plan to control food intake' (79%). Participants could select more than one method and other common choices were 'Weight Watchers TM ' (19%), 'Other' (19%, almost half of which were further specified: exercise), 'Extreme exercising' (11%), and 'Shake diet (e.g. Slimfast TM )' (9%). There were 152 pregnancy losses: 41 early pregnancy losses and 111 losses after clinical confirmation. Relative to maintaining a constant weight, weight gain was associated with an increased risk of pregnancy loss (weight gain ≥5% RR = 1.65, 95% CI 1.09, 2.49; weight gain ≥4 kg RR = 1.41, 95% CI 0.98, 2.02; Table 2 ). Stratified by 12-month maximum BMI, among women with a maximum BMI 18.5-24.9 kg/m 2 , weight gain ≥5% RR = 1.57 (CI 0.98, 2.50) and weight gain ≥4 kg RR = 1.06 (CI 0.71, 1.59), and among women with maximum BMI ≥25 kg/m 2 , weight gain ≥5% RR = 1.49 (CI 0.78, 2.84) and weight gain ≥4 kg RR = 2.10 (CI 0.93, 4.71). Actual weight loss and weight variability showed little association with risk of pregnancy loss overall. Among women with a maximum BMI 18.5-24.9 kg/m 2 , the RR for weight loss ≥5% was 1.77 (CI 0.99, 3.16), whereas the RR for weight loss ≥4 kg was 1.00 (CI 0.45, 2.25). Attempted weight loss was not associated with risk of pregnancy loss, relative to no attempt to control weight (RR 1.00, 95% CI 0.67, 1.48).
Among the 274 women who attempted weight loss, weight loss ≥5% was achieved by 34 (12%) ( Table 3 ). The three pregnancy losses in this group corresponded to a reduction in the adjusted RR (RR = 0.44, 95% CI 0.12, 1.29). In contrast, there was a suggestive increased risk of pregnancy loss among women whose attempt at weight loss was accompanied by weight gain (158 women, RR = 1.69, 95% CI 0.96, 2.98), but not among women whose attempt was accompanied by constant weight (58 women, RR = 1.09, 95% CI 0.47, 2.56). The respective RRs in categories defined by weight change ≥4 kg were similar ( Table 3 ). The other categories of combined exposure also produced weak and imprecise associations.
The secondary analyses of early and clinically confirmed pregnancy losses as separate outcomes showed only marginal associations with weight gain (Table S1 ).
Discussion

Main findings
In a preconception cohort study, weight gain ≥5% in the period spanning the 12 months before enrollment (12-18 months pre-conception) up to 4 weeks' gestation was associated with a higher risk of pregnancy loss compared with maintaining a constant weight. Weight loss ≥5% and high weight variability (both weight gain ≥5% and weight loss ≥5%) were not consistently associated with risk of pregnancy loss; given the limited numbers in these 
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categories, small associations cannot be ruled out by these data. A self-initiated attempt to lose weight was commonly reported, and this was not appreciably associated with weight loss. To our knowledge, this is the first study to report the effects of weight change in combination with self-initiated weight-loss attempts in the recent pre-and peri-conceptional period on pregnancy loss among women trying to conceive spontaneously.
Strengths and limitations
Our study has several strengths. First, we were able to analyse both self-initiated, recent weight-loss efforts and actual weight change in a population of women who were not seeking fertility treatment. This extends previous research that has primarily focused on either the attempt 15 or long-term, actual weight change 3 separately, or was conducted in infertility clinic populations. [7] [8] [9] [10] Secondly, there was near-complete ascertainment of pregnancy loss, including early losses, for participants included in the analysis. Thirdly, the exclusion criteria minimised confounding by major medical conditions, recent gestational weight gain, and recent postpartum weight loss. Fourthly, our results from a population of women attempting pregnancy after one to two prior pregnancy losses are likely to be of clinical interest, as women in this situation may be interested in lifestyle and behaviour modifications to support a healthy pregnancy. In support of the generalisability of the results, the study population was similar to US nationally representative data in terms of the BMI, body mass index; CI, confidence interval; RR, risk ratio. *Model used stabilised inverse probability of pregnancy weights to adjust for the selection of women who became pregnant. **Analyses of weight gain versus constant weight were stratified by minimum BMI in the 12 months before enrollment, and analyses of weight loss versus constant weight were stratified by maximum BMI in the 12 months before enrollment. ***Model used stabilised inverse probability of pregnancy weights and further adjusted for age ≥35 years, number of previous live births (0,1,2), pregnancy loss in the 12 months before enrollment, and number of prior losses (1 versus 2). Stratified analyses of certain exposure categories used a more parsimonious model, as detailed in the footnotes below. ****Analyses of gained ≥4 kg and gained ≥5% in the stratum of women with BMI ≥25 kg/m 2 used a more parsimonious model that adjusted for selection of women who became pregnant, age ≥35 years, and pregnancy loss in the 12 months before enrollment. *****Stratified analyses were not done due to the small number of pregnancy losses. ******Analyses of lost ≥4 kg stratified by BMI were adjusted for selection of women who became pregnant, age ≥35 years, and pregnancy loss in the 12 months before enrollment. *******Model used stabilised inverse probability of pregnancy weights and further adjusted for age ≥35 years, maximum BMI in the 12 months before enrollment, number of previous live births (0,1,2), pregnancy loss in the 12 months before enrollment, and number of prior losses (1 versus 2).
observed incidence of pregnancy loss, 23 the prevalence of recent weight-control behaviours, 13 and the prevalence of overweight/obesity. 24 Several limitations also deserve mention. Data on minimum and maximum weights and weight-loss effort in the previous 12 months were self-reported and subject to inaccuracy. 25 Although we lacked objective measures of recent minimum and maximum weights, several arguments support the validity of our found associations with recent weight change. First, self-report of recent, maximum weight had high validity in the National Weight Control Registry. 26 Secondly, the weights were reported before the pregnancy outcome was objectively ascertained, and therefore the error should be independent and non-differential with respect to the outcome. Thus, any resulting exposure misclassification should bias the association towards the null, and could not explain our significant associations. Women were not instructed to exclude weight during pregnancy when they self-reported their maximum weight, and so we excluded from the analysis women who in the past year had a pregnancy lasting >14 weeks. We lacked data on the temporal order of the weight-loss attempt relative to the minimum and maximum weights over the 12 months before enrollment, which limits conclusions regarding the effects of intentional and unintentional weight change on pregnancy loss. Finally, this was a secondary analysis of data collected for the EAGeR trial, and so this research question did not determine the sample size. The limited sample size resulted in wide confidence intervals around the risk ratios in many categories of exposure and thus limited their interpretation. Notably, the risk ratios were close to the null for attempted weight loss among all women, but the wide confidence intervals show that modest increases in risk cannot be ruled out by our data.
Interpretation
Obesity is associated with an increased risk of pregnancy loss among pregnancies that are conceived spontaneously. [2] [3] [4] Mechanisms by which weight gain and excess adiposity are thought to harm reproduction include oxidative stress and CI, confidence interval; RR, risk ratio. *Analysis included 424 women who reported either no attempt to lose weight or attempting to lose weight ≥1 month, and who gained ≥5%, lost ≥5% or maintained a constant weight <5%. Women in the other categories were excluded due to small numbers. The analysis of categories defined by absolute weight change ≥4 kg included 427 women. **Model 1 used stabilised inverse probability of pregnancy weights to adjust for the selection of women who became pregnant. ***Model 2 adjusted for the selection of women who became pregnant, age ≥35 years, loss in the past year, and number of prior losses (1 versus 2). ****Due to the small numbers of pregnancy losses in this exposure category, results from Models 1 and 2 were calculated using exact logistic regression with no adjustment for selection of women who became pregnant. *****This analysis was not performed due to the small numbers of pregnancy losses in this exposure category. ******In the stratum BMI 18.5-24.9 kg/m 2 , the model used stabilised inverse probability of pregnancy weights to adjust for the selection of women who became pregnant.
hormonal and inflammatory disturbances, 27 which may be ameliorated by weight loss, 28 improved dietary quality, 29, 30 and/or physical activity. 28 Prolonged, increased insulin concentrations secondary to the insulin resistance of excess adiposity and weight gain may inhibit insulin-like growth factor binding protein-1 synthesis 31 and stimulate androgen synthesis. 31 These endocrine changes have been shown to impair oocyte and embryonic development 5 and endometrial receptivity 32 in some studies, though not in others. 6, 33 Also, excess intake of refined sugars and saturated fats induces inflammation and oxidative stress, 34 contributing to a pro-inflammatory milieu that may impede embryonic development, 35 implantation, 36 and placental function. 37 Although we did not have hormonal and metabolic data during the weight change period, our results support a potential negative impact of pre-and peri-conception weight gain, which involves well-known metabolic changes, on pregnancy loss. We found an increased risk of pregnancy loss associated with weight gain in the past 12-18 months, suggesting that pregnancy loss could be prevented by avoiding weight gain prior to conception. On the other hand, substantial weight gain in a relatively short time may indicate undetected medical conditions or intense psychological stress, which are risk factors for pregnancy loss. 38 We did not find an appreciable association between high weight variability and pregnancy loss, but few participants met the definition of high weight variability (weight gain ≥5% and weight loss ≥5%) over this short time. Indeed, data are scarce on the effect of recent weight cycling on pregnancy outcomes, 39 and further study in relevant populations is needed.
The present null association between self-initiated attempted weight loss and pregnancy loss adds information to the gap in research on the real-world experience of selfinitiated attempted weight loss on pregnancy outcomes. 15 The variety of weight-loss methods reported indicates that results from trials of lifestyle modification for weight loss may not apply to self-initiated attempts due to differences in practices and professional support. Indeed, of women who had attempted weight loss for ≥1 month, 86% weighed within 4 kg of their 12-month maximum weight, and their risk of pregnancy loss was similar to that of women who made no attempt and maintained a constant weight. Given that the self-initiated attempt to lose weight was only rarely accompanied by weight loss, it may not be a feasible way to prevent pregnancy loss.
Conclusion
Among fecund women with one to two prior pregnancy losses, recent weight gain was prospectively associated with a higher risk of pregnancy loss. The null association between recent, self-initiated weight-loss attempt and pregnancy loss provides some evidence to reassure women who are attempting to lower their BMI to reduce the risk of adverse pregnancy outcomes. Patients who have experienced pregnancy loss desire evidence-based strategies to decrease their risk in subsequent pregnancies. These novel results address a significant data gap concerning the effects of recent weight change and self-initiated weight-loss attempts on pregnancy loss outside of an infertility clinic setting. Further studies are needed to confirm these findings, as they suggest a potentially modifiable risk factor for pregnancy loss.
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